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ABSTRACT -- KEY PO NTS

Further tests with the sem enpirical nodels confirmtheir
suitability for fitting surface BRDF to MODIS and M SR
nmeasurenents. They fit a series of 11 |and cover types with high
accuracy. Further, the best-fitting nodels are those for which the
physi cal approxi mations match the character of the cover. The
fitting algorithmis trivial conpared to fitting a full physical
nodel through forward iteration. BRDF/ Al bedo code using

sem enpirical nodels was provided to the MODOS SDST.

Thr eshol di ng nmet hods for |and cover classification based on
conposited AVHRR surface tenperature and NDVI did not provide good
pi xel - by-pi xel classification accuracies in a series of trials
with a California | and cover database. A fuzzy ARTMAP artificia
neural network classifier perfornmed well on AVHRR GAC data for
Africa. Threshol ding code was delivered to the MODI'S SDST.

TASK PROGRESS
BRDF/ Al bedo Pr oduct
Model Devel oprent

During the reporting period, we continued our devel opnent of

sem enpirical nodels of bidirectional reflectance. As noted in the
prior report, these nodels are physically based yet nay be easily
fit to enpirical data. A major breakthrough was the devel opnent of
a new and very sinple approach to nodel fitting. Since the
semenpirical nodels fit bidirectional reflectance as a |linear sum
of three functions that are controlled by illum nation and vi ew ng
geonetry, |east squares fitting requires only the inversion of a
three by three matrix. This allows a | arge nunber of sem enpirica
nodels (e.g., twenty) to any set of directional reflectance
nmeasurenents so that the best fitting nodel can be easily

det er m ned.

Mbdel Validation

Using bidirectional reflectance data for el even | and cover types
as provided by Dan Kines of Goddard Space Flight Center, we
validated the semenpirical nodels to provide very good fits.
Further, in many cases the best fitting sem enpirical nodel was
al so the nodel for which the physical approxi mati ons were best
suited to the |l and cover type.



In anot her validation effort, we fit the hybrid BRDF nodel to
pyranomnet er nmeasurenents of a downwel ling irradiance in a sparse
coni fer canopy with snow ground cover. The results showed a very
good fitting to diffuse and multiply-scattered radiation, which
confirmed the appropriateness of the nodel's approach. This work
was conducted in connection with the BOREAS experi nent.

As yet another part of our nodel validation effort, the principal
i nvestigator and Dr. Wanner traveled to China in July, acquiring
BRDF neasurenents in the Jinguetan Laboratory of the Chinese
Acadeny of Science, Changchun, China. The data have not yet been
anal yzed, due to the press of other responsibilities. On the sane
trip, we also visited an agricultural test site in east centra
Chi na, where BRDF neasurenments wll be made outdoors on a nunber
of crops and | and covers.

Sof tware and Al gorithm Devel opnent

Consi derabl e effort was expended during the reporting period on
software and al gorithm devel opment. In a collaboration wth

Uni versity Col | ege, London, we devel oped and rel eased a software
package cal |l ed AMBRALS (Al gorithmfor MODI' S Bidirectiona

Ref | ect ance Ani sotropy of the Land Surface). This program package
i ncludes a suite of physical and sem enpirical BRDF and al bedo
nodel s that can be exercised in a forward direction or inverted
and fit to observations. The code is witten in C and is now wel |
docunented, and is currently in version 1.3.

In a related coding effort, we provided a code delivery to the
SDST of the sem enpirical inversion code in a version suitable for
pi xel by pixel inversion of MOD S and M SR neasurenents.
Docunent ati on was al so provi ded.

At nospheric Correction-BRDF Effects

A problemarises in the atnospheric correction of MDD S

measur ements when isotropic reflectance is assuned. For high
accuracy, surface reflectances nmust be obtained using a BRDF
nodel . However, the BRDF nodel may not be fitted without accurate
nmeasurenents of directional reflectance. During the reporting
period, we worked closely with Eric Vernote to resolve the
circularity. Qur approach will be a single | oop extraction
procedure in which isotropic reflectances are used to fit a BRDF,
the BRDF is used to rederive reflectances and a revised set of
refl ectances and new BRDF are fitted using the iteration. Mre
details are provided in the revised BRDF/ Al bedo product ATBD,

whi ch is forthcom ng.

Al bedo Sensitivity Studies

Toward the close of the reporting period, we began a series of
studies on the sensitivity of al bedo obtai ned by hem spheri cal
integration of semenpirical BRDFs to the viewing and illum nation
constraints inposed by the geonmetry of M SR and MODI' S vi ewi hg and



the orbital characteristics of the AMplatform Prelimnary
results suggest that BRDF integration can be inaccurate under somne
ci rcumst ances.

Land Cover/Land- Cover Change

During this reporting period, our work focused primarily on

al gorithm devel oprrent for |and cover classification. W continued
our trials of the NDVI and surface tenperature threshol di ng

nmet hods proposed by Running and Nemani, as applied to the Pl unmas
National Forest in the California Sierra Nevada, and to the entire
state of California as well. Qur results showed that this approach
was unabl e to provide reasonabl e accuracies at the 1 km pi xel
level. As a result, we turned nore strongly to the devel opnent of
neural network approaches to |and cover classification. In this
wor k, we found neural network to provide significantly higher
accur aci es.

Al gorit hm Devel opnent

As required by MDD S managenent, we delivered software for the

| and cover product, providing C code that inplenents a threshol d-
style classifier on multitenporal inage data. The code was
delivered to the MODI' S SDST.

Land Cover ATBD

As required by the ECS Project Science office, we revised and
resubmtted the Land Cover/Land-cover Change Al gorithm Theoretica
Basi s Docurment (ATBD). The revi sion was an extensive one,

requi ring many weeks of work. Also submtted in a separate
conmuni cati on was a response to the comments of both the ATBD
review panel and the mail reviewers.

ANTI Cl PATED ACTI VI TI ES DURI NG THE NEXT QUARTER
BRDF/ Al bedo Product

Qur primary activity during the next quarter for the BRDF/ Al bedo
product will be to conplete our revision of the ATBD, which is
presently overdue. |In addition to that activity, we will continue
refining the application of the semenpirical nodels, their
validation, and their use to calculate albedo in realistic MDD S
M SR sensi ng scenari os.

Land Cover/Land-cover Change Product

During the next quarter, we will continue al gorithm devel opnent
for land cover classification using neural network classifiers.
This work will require assenbling single-year nmulti-date TM i nages
for test sites for which |and cover information is avail able. Such
data sets allow us to explore the spectral, tenporal, and spatia
information content that will characterize MOD S data. In |and-
cover change activities, we will continue our liaison with Eric



Lanbi n at the European Econom ¢ Community's Joint Research Center
Activities there focus on | and-cover change as inferred froma ten
year record of African AVHRR observati ons.

PROBLEMS/ CORRECTI VE ACTI ONS

During this reporting period, we did not encounter any significant
probl ens requiring corrective actions beyond the everyday problens
that occur in research and al gorithm devel oprent .

PUBLI CATI ONS

Attached below is an updated |ist of publications derived with
full or partial support under this contract. Itens nmarked with an
asterisk are new publications that are being submtted separately
in hardcopy to the project nanagenent.
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